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(54) PRINTING ARRANGEMENT AND A METHOD OF PRINTING OBJECTS

(57) The present disclosure relates to a printing ar-
rangement (1) for printing an object. The printing arrange-
ment (1) comprises: a printing chamber (10) adapted to
provide, during use, a hermetically sealed environment;
a first temperature sensor (14a) adapted to measure a
temperature of a filament from a filament source (11);
first heating means (15a) for heating the filament to a
target filament temperature; a printing head adapted to
deposit, during use, the heated filament into the printing
chamber (10) in accordance with a 3D object model
stored in a memory module (16), wherein the printing
arrangement (1) further comprises: a first humidity sen-
sor (17) adapted to measure the humidity in the printing
chamber (10), and first humidity adjustment means (30)
adapted to enable adjustment of the humidity in the print-
ing chamber (10) to a target printing chamber humidity.
A method (S100) of printing objects is also disclosed.
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Description

Technical Field

[0001] The present disclosure relates to a printing arrangement for printing objects and in particular a printing arrange-
ment comprising means for controlling environmental parameters in a printing chamber to improve printing quality. A
method of printing objects is also disclosed.

Background

[0002] 3D printing, also known as additive manufacturing, allows for printing objects in a desired shape. There are
many different 3D printing processes, some examples include vat photopolymerization, inkjet technology and material
extrusion. One common characteristic to various 3D printing processes is that an object is created or "printed" layer-by-
layer. Typically, this results in the presence of a distinct interface between adjacent layers which introduces structural
weakness into the printed object. It is desirable to reduce or prevent the forming of distinct interfaces between adjacent
layers. However, solutions available today are typically complicated and ill-suited for large-scale production of printed
products. Thus, there is a need for an improved solution that enables both printing of high-quality products and large-
scale production.

Summary

[0003] It is an object of the present invention to provide an improved solution that alleviates at least some of the
mentioned drawbacks with present solutions. In particular, a first object of the invention is to provide a printing arrangement
which enables printing of objects of improved quality. This object is solved by the invention according to claim 1. A
second object of the invention is to provide a printing arrangement which enables large scale production. This object is
also solved by the invention according to claim 1. A third object of the invention is to provide a manufacturing method
that enables printing of objects of improved quality and/or enables large scale production. This object is solved by the
method according to claim 7. The dependent claims define preferred embodiments.
[0004] The inventors have identified that moisture in filaments impacts the porosity and by consequence filament
strength, both along longitudinal direction and along transverse direction of a filament. The inventors have also identified
that moisture in the printing environment can be captured in-between layers of an object during printing, which may for
similar reasons negatively impact the structure quality of the object as a whole. The latter is solved by the inventive
concept of actively controlling the humidity in a printing chamber to a dry environment.
[0005] By humidity, it may be meant relative humidity, which may be defined as the ratio of the amount of water vapor
in the air to the amount of water vapor the air could potentially contain at a given temperature and pressure. The relative
humidity may be expressed as a percentage. All humidity values herein disclosed may be expressed as a percentage
wherein said given temperature and pressure are room temperature and atmospheric pressure respectively unless
otherwise specified. By room temperature, it may be meant 23 °C.
[0006] According to a first aspect of the invention, a printing arrangement for printing objects is provided. The printing
arrangement comprises: a printing chamber adapted to provide, during use, a hermetically sealed environment; a first
temperature sensor adapted to measure a temperature of a filament from a filament source; heating means for heating
the filament to a target filament temperature; a printing head adapted to deposit, during use, the heated filament into
the printing chamber in accordance with a 3D object model stored in a memory module. The printing arrangement further
comprises: a first humidity sensor adapted to measure the humidity in the printing chamber, and first humidity adjustment
means adapted to adjust humidity in the printing chamber to a target printing chamber humidity.
[0007] The first humidity adjustment means and first humidity sensor enables humidity in the printing chamber to be
controlled to a target humidity. The target humidity in the printing chamber may be selected such that the environment
of the printing chamber is a dry environment. By dry environment, it may be meant a humidity of 0% - 20 %, preferably
0% - 10%, most preferable 0% - 5%.
[0008] By printing objects in an actively controlled dry environment, the amount of moisture captured in-between layers
of an object during printing may be reduced. This may improve upon an overall quality of the object, thereby solving the
first object of the invention. Further, the first humidity adjustment means and first humidity sensor enables greater control
of the 3D printing which may translate to a more homogenous result across different printing arrangements implementing
the invention. Thus, the invention is suitable for large scale production where small quality variation between produced
objects is desired, thereby solving the second object of the invention.
[0009] An advantage of the printing arrangement is that objects printed by it may be characterized in a lower variance
of tensile strength as compared to printing arrangements without actively controlled printing chamber humidity. In par-
ticular, when the humidity in the printing chamber was actively controlled to be kept within 0%-5%, objects printed could
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be characterized by a variance in tensile strength of about 1%, whereas without actively controlled printing chamber
humidity, the corresponding value of objects printed was about 4%. A further advantage is that the objects printed by
the printing arrangement exhibits an increased absolute tensile strength as compared to absolute strength of objects
printed by conventional printing arrangements. Objects printed by the printing arrangement may exhibit an increase of
30% to 40% of absolute tensile strength depending on elongation as compared to absolute tensile strength of objects
printed by conventional printing arrangements. For example, when the elongation is about 1 mm, the absolute tensile
strength of objects printed by the printed by the present invention may be about 1000 N; when the elongation is about
2 mm, the absolute tensile strength may be 1550 N, and when the elongation is about 3 mm, the absolute tensile strength
may be about 1760 N.
[0010] The printing chamber may be adapted to be changeable between an open state and a closed state. In the
closed state, the printing chamber may define a hermetically sealed environment. By the hermetically sealed environment
during use, the printing chamber facilitates humidity to be kept at a target level since it limits and/or prevents gases such
as water vapor to enter the printing chamber from the exterior in an uncontrolled manner.
[0011] The hermetic sealing may be enabled by providing a hermetic seal arranged to seal any gaps between parts
defining the shape of the printing chamber. Hermetic seals may include epoxy hermetic seals, glass-to-metal hermetic
seals, and/or ceramic-to-metal hermetic seals. The printing chamber may have one or more openable elements, such
as hatches or the like, that can be opened and closed to allow access into the printing chamber and to allow it to be
hermetically sealed. Alternatively, or in combination, the printing chamber may comprise a removable casing to allow
access into the printing chamber and to allow it to be hermetically sealed.
[0012] The printing arrangement may further comprise supporting means adapted to provide a supporting area wherein
objects are printed. The supporting means may comprise a platform, preferably a platform adapted to be moveable. The
platform may be adapted to move within the printing chamber by translational motion or rotational motion. By either of,
or by a combination of, these motions, the platform may be moved in a predetermined manner so that filament is deposited
from the printing head to form the object in accordance with the 3D object model stored in the memory module.
[0013] Alternatively, or in combination, the printing head is adapted to move within the printing chamber by translational
motion or rotational motion, in a predetermined manner so that filaments are deposited to form the object in accordance
with the 3D object model stored in the memory module.
[0014] The filament source may be a plastic such as: polylactic acid, PLA; acrylonitrile butadiene styrene, ABS; polyvinyl
alcohol plastic, PVA, polycarbonate, PC. The filament source may be a resin, a metal, carbon fiber, etc.
[0015] The heating supplied by the first heating means may be based on one or more parameters, such as a target
temperature characteristic to the filament material used, supply rate, etc. The first temperature sensor may be adapted
to measure a temperature of the filament after it has been heated. The first heating means may be adapted to heat the
filament material accordingly so that a difference between a measured filament temperature and a target filament tem-
perature is reduced. The first heating means may provide heating at two heating locations, wherein a filament is heated
in a predetermined manner at the first heating location after which a filament temperature is measured and the filament
is then heated accordingly at the second heating location to reach the target filament temperature. The heating required
may be deduced from the filament material used and the temperature difference between the measured filament tem-
perature and the target filament temperature.
[0016] The first heating means may be a heating element, a heating cartridge, or the like.
[0017] The printing arrangement may comprise an extruder comprising the printing head and the first heating means.
The extrude may be adapted to draw in filament, melt the filament, and push out the filament. The extruder may comprise
a cold end and an hot end - the cold end may comprise a motor for drawing the filament into and through the extruder,
whereas the hot end is adapted to melt the filament as it is being pushed through the extruder. The extruder may comprise
a motor, a heat sink, a heat block, thermistor, and/or a nozzle. The extruder may further comprise a hobbed gear and
an idler gear which are adapted to work together for drawing and pushing the filament through the extruder. The idler
gear may be adjustable in terms of position so that the distance between the idler gear and the hobbed gear may be
varied to a preferred distance. This allows for varying the tension provided.
[0018] The printing arrangement may comprise control means adapted to receive input from one or more sensors and
control an associated element based on target data and sensor data. The instructions may be pre-programmed or
received via a user interface.
[0019] The control means may be adapted to control the printing chamber to open or close in accordance with instruc-
tions. The control means may control the supply of filament from the filament source in accordance with instructions.
The supply of filament may be defined by a supply rate, i.e. a length or volume of filament supplied per unit time. The
filament source may be a filament winding attached to rotating means which when rotated allows the filament to unwind
from the filament winding and be supplied at the preferred supply rate to the printing head. The supply rate may be
variable depending on other parameters, such as object to be printed, filament material, target filament temperature,
target printing chamber humidity etc. The control means may be adapted to control the supply rate based on these
parameters.
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[0020] The control means may be adapted to control the heating provided by the first heating means based on the
measured filament temperature so that the filament reaches the target filament temperature.
[0021] The control means may be adapted to control the position and/or orientation of the printing head during printing.
The control means may be adapted to control the position and/or orientation of the platform of the supporting means.
[0022] The control means may be adapted to control the printing arrangement so that the printing arrangement prints
an object in accordance with the 3D object model stored in a memory module. The printing arrangement may comprise
the memory module. The printing arrangement may comprise means to communicatively relay information regarding
the 3D object model stored in the memory module to the control means which determines a printing process and controls
the printing arrangement in accordance with said printing process.
[0023] The control means may be adapted to control the first humidity adjustment means based on humidity meas-
urement of the first humidity sensor to the target printing chamber humidity.
[0024] According to one embodiment, the printing arrangement further comprises: a second temperature sensor adapt-
ed to measure a temperature of the printing chamber, and second heating means adapted to heat the printing chamber
to a target printing chamber temperature. By heating the printing chamber to a target printing chamber, it may consequently
keep deposited filament within the printing chamber kept at a preferred temperature. Thus, a temperature difference
between the temperature of deposited filament and the temperature of heated filament to be deposited may be reduced.
This may improve and/or facilitate bonding of consecutive layers, which further improves quality of the 3D object.
[0025] The second heating means may be adapted for heating the printing chamber from a first temperature to a
second temperature. The first and second temperature depends on the volume of the printing chamber. The heating
means may be adapted to be able to heat the printing chamber from an ambient temperature up to 100 °C. By room
temperature, it may be meant 23 °C.
[0026] Alternatively, or in combination, the printing arrangement may comprise spot heating means which allows spot
heating of the structure being printed in the printing chamber. Spot heating means may for instance be a light emitting
device configured to emit light, or laser, with an intensity, at a location where heated filament is to be deposited. The
second temperature sensor may be adapted to measure spot temperature and/or general temperature within the printing
chamber.
[0027] The second heating means may be adapted to heat the supporting means, wherein the heat from said supporting
means spreads and heats the printing chamber as a whole.
[0028] The printing chamber may be heat insulated. By this, the printing chamber may more easily keep a target
printing chamber temperature.
[0029] According to one embodiment, the printing arrangement further comprises: a filament chamber for housing the
filament source. The filament chamber may be adapted to provide, when in a closed state, a hermetically sealed envi-
ronment. By this, the filament source may be stored therein for a longer period of time without deteriorating due to moisture.
[0030] According to one embodiment, the printing arrangement further comprises: a second humidity sensor adapted
to measure the humidity in the filament chamber, and second humidity adjustment means adapted to control humidity
in the filament chamber to a target filament chamber humidity. Thus, the environment of the filament chamber may be
controlled to be a dry environment, which then limits the porosity of the filament when being stored therein prior to use.
[0031] According to one embodiment, the first and second humidity adjustment means are the same. The first and
second humidity adjustment means may be a common humidity adjustment means. The humidity adjustment means
may be adapted to circulate air through the printing chamber and the filament chamber and collect moisture of the air,
thereby reducing the humidity.
[0032] According to one embodiment, the first and/or second humidity adjustment means is a dehumidifier. The de-
humidifier may comprise a dehumidifier unit provided with an inlet section and an outlet section and a corresponding
piping system fluidly connecting the printing chamber and the filament chamber to the respective inlet section and outlet
section of the dehumidifier unit. The dehumidifier unit may be adapted to collect moisture in the air entering the dehumidifier
unit from the inlet section. Dried air may then be released from the dehumidification via the outlet section by which the
dried air may return to the printing chamber and/or the filament chamber.
[0033] According to one embodiment, the printing arrangement further comprises: a pressure sensor adapted to
measure the pressure in the printing chamber, and pressure control means adapted to control the pressure in the printing
chamber to a target printing chamber pressure. By this, pressure may be controlled to a desired level. By controlling the
pressure, the printing arrangement may maintain a desired target quality of 3D object despite small variations in pressure
due to weather. Moreover, the printing arrangement may maintain a desired target quality of 3D objects regardless of
altitude.
[0034] According to a second aspect of the invention, a method for printing an object is provided. The method comprises
the steps of: receiving, in memory module, a 3D model of said object; providing a printing chamber that, during use, is
hermetically sealed; measuring, by means of a first temperature sensor, a temperature of a filament from a filament
source; heating, by means of a first heating means, the filament to a target filament temperature; depositing, by means
of a printing head, the filament heated to the target temperature into the printing chamber in accordance with said 3D
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model. The method further comprises the steps of: measuring, by means of a first humidity sensor, the humidity in the
printing chamber, and controlling, by means of a first humidity adjustment means, the humidity in the printing chamber
to a target printing chamber humidity.
[0035] By this, a manufacturing method is provided that enables printing of objects of improved quality and/or enables
large scale production, thereby solving the third object of the invention.
[0036] An advantage of the method is that objects printed by it may be characterized in a lower variance of tensile
strength as compared to methods not implementing actively controlled printing chamber humidity. In particular, when
the humidity in the printing chamber was actively controlled to be kept within 0%-15%, objects printed therein could be
characterized by a variance in tensile strength of about 1%, whereas without actively controlled printing chamber humidity,
the corresponding value of objects printed was about 4%. A further advantage is that the objects printed by the printing
arrangement exhibits an increased absolute tensile strength as compared to absolute strength of objects printed by
conventional printing arrangements. Objects printed by the printing arrangement may exhibit an increase of 30% to 40%
of absolute tensile strength depending on elongation as compared to absolute tensile strength of objects printed by
conventional printing arrangements. For example, when the elongation is about 1 mm, the absolute tensile strength of
objects printed by the printed by the present invention may be about 900 N; when the elongation is about 2 mm, the
absolute tensile strength may be 1500 N, and when the elongation is about 3 mm, the absolute tensile strength may be
about 1750 N.
[0037] The first humidity adjustment means and first humidity sensor enables humidity in the printing chamber to be
controlled to a target humidity. The target humidity in the printing chamber may be selected such that the environment
of the printing chamber is a dry environment. By dry environment, it may be meant a humidity of 0% - 20 %, preferably
0% - 10%, most preferable 0% - 5%. By printing objects in an actively controlled dry environment, the amount of moisture
captured in-between layers of an object during printing may be reduced. This may improve upon an overall quality of
the object, thereby solving the first object of the invention. Further, the first humidity adjustment means and first humidity
sensor enables greater control of the 3D printing which may translate to a more homogenous result across different
printing arrangements printing according to the method. Thus, the method is suitable for large scale production where
small quality variation between produced objects is desired, thereby solving the second object of the invention.
[0038] The printing chamber used in the method may be adapted to be changed between an open state and a closed
state. In the closed state, the printing chamber may define a hermetically sealed environment. The hermetic sealing
may be enabled by providing a hermetic seal arranged to seal any gaps between parts defining the shape of the printing
chamber. Hermetic seals may include epoxy hermetic seals, glass-to-metal hermetic seals, and/or ceramic-to-metal
hermetic seals. The printing chamber may have one or more hatches or the like that can be opened and closed to allow
access into the printing chamber and to allow it to be hermetically sealed. Alternatively, or in combination, the printing
chamber may comprise a casing adapted to be reversibly removable to allow access into the printing chamber and to
allow it to be hermetically sealed.
[0039] The printing arrangement used in the method may further comprise supporting means adapted to provide a
supporting area wherein objects are printed. The supporting means may comprise a platform, preferably a platform
adapted to be moveable. The platform may be adapted to move within the printing chamber by translational motion or
rotational motion. By either or by a combination of these motions, the platform may be moved in a predetermined manner
so that filament is deposited from the printing head to form the object in accordance with the 3D object model stored in
the memory module.
[0040] Alternatively, or in combination, the printing head used in the method is adapted to move within the printing
chamber by translational motion or rotational motion, in a predetermined manner so that filaments are deposited to form
the object in accordance with the 3D object model stored in the memory module.
[0041] The filament source may be a plastic such as: polylactic acid, PLA; acrylonitrile butadiene styrene, ABS; polyvinyl
alcohol plastic, PVA, polycarbonate, PC. The filament source may be a resin, a metal, carbon fiber, etc.
[0042] The heating supplied by the first heating means may be based on one or more parameters, such as a target
temperature characteristic to the filament material used, supply rate, etc. The first temperature sensor may be adapted
to measure a temperature of the filament after it has been heated. The first heating means may heat accordingly so that
a difference between a measured filament temperature and a target filament temperature. The first heating means may
provide two heating locations, wherein a filament is heated in a predetermined manner at the first heating location after
which a filament temperature is measured and the filament is then heated accordingly at the second heating location to
reach the target filament temperature. The heating required may be deduced from the filament material used and the
temperature difference between the measured filament temperature and the target filament temperature.
[0043] The printing arrangement used in the method may comprise control means adapted to receive input from one
or more sensors and control an associated element based on target data and sensor data. The instructions may be pre-
programmed or received via a user interface.
[0044] The control means may be adapted to control the printing chamber to open or close in accordance with instruc-
tions. The control means may control the supply of filament from the filament source in accordance with instructions.
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The supply of filament may be defined by a supply rate, i.e. a length or volume of filament supplied per unit time. The
filament source may be a filament winding attached to rotating means which when rotated allows the filament to unwind
from the filament winding and be supplied at the preferred supply rate to the printing head. The supply rate may be
variable depending on other parameters, such as object to be printed, filament material, target filament temperature,
target printing chamber humidity etc. The control means may be adapted to control the supply rate based on these
parameters.
[0045] The control means may be adapted to control the heating provided by the first heating means based on the
measured filament temperature so that the filament reaches the target filament temperature.
[0046] The control means may be adapted to control the position and/or orientation of the printing head during printing.
The control means may be adapted to control the position and/or orientation of the platform of the supporting means.
[0047] The control means may be adapted to control the printing arrangement so that the printing arrangement prints
an object in accordance with the 3D object model stored in a memory module. The printing arrangement may comprise
the memory module. The printing arrangement may comprise means to communicatively relay information regarding
the 3D object model stored in the memory module to the control means which determines a printing process and controls
the printing arrangement in accordance with said printing process.
[0048] The control means may be adapted to control the first humidity adjustment means based on humidity meas-
urement of the first humidity sensor to the target printing chamber humidity.
[0049] According to one embodiment, the method further comprises the steps of: measuring, by means of a second
temperature sensor, a temperature of the printing chamber, and heating, by means of heating means, the printing
chamber to a target printing chamber temperature. By heating the printing chamber to a target printing chamber tem-
perature, it may consequently keep deposited filament within the printing chamber warm. Thus, a temperature difference
between deposited filament and heated filament to be deposited may be reduced. This improves bonding of consecutive
layers, which further improves quality of the 3D object.
[0050] Alternatively, or in combination, the method may comprise a step of spot heating, by means of spot heating
means, of the structure being printed in the printing chamber. Spot heating means may for instance be a light emitting
device configured to emit light, or laser, with an intensity, at a location where heated filament is to be deposited. The
second temperature sensor may be adapted to measure spot temperature and/or general temperature within the printing
chamber.
[0051] According to one embodiment, the method further comprises the steps of: measuring, by means of a second
humidity sensor, the humidity in the filament chamber, and controlling, by means of a second humidity adjustment means,
the humidity in the filament chamber to a target filament chamber humidity. By this, the filament may be kept in a dry
environment, thereby prolonging their longevity and also ensure satisfactory quality of objects printed.
[0052] According to one embodiment, the method further comprises the first and second humidity adjustment means
are the same. The first and second humidity adjustment means may be a common humidity adjustment means. The
humidity adjustment means may be adapted to circulate air through the printing chamber and the filament chamber and
collect moisture of the air, thereby reducing the humidity.
[0053] According to one embodiment, the first and/ or second humidity adjustment means is a dehumidifier. The
dehumidifier may comprise a dehumidifier unit provided with an inlet section and an outlet section and a corresponding
piping system fluidly connecting the printing chamber and the filament chamber to the respective inlet section and outlet
section of the dehumidifier unit. The dehumidifier unit may be adapted to collect moisture in the air entering the dehumidifier
unit from the inlet section. Dried air may then be released from the dehumidification via the outlet section by which the
dried air may return to the printing chamber and/or the filament chamber.
[0054] According to one embodiment, the method further comprises the steps of: measuring, by means of a pressure
sensor, the pressure in the printing chamber, and controlling the pressure in the printing chamber to a target printing
chamber pressure. By this, pressure may be controlled to a desired level. By controlling the pressure, the printing
arrangement may maintain a desired target quality of 3D object despite small variations in pressure due to weather.
Moreover, the printing arrangement may maintain a desired target quality of 3D objects regardless of altitude.
[0055] According to one embodiment, the method comprises the step of using a printing arrangement according to
the first aspect or any embodiments thereof during printing.
[0056] According to one embodiment, the target printing chamber humidity is 0% - 15%. The target printing chamber
humidity is 0% -1%, 1% - 2%, 2% - 3%, 3% - 4%, 4% - 5%, 5% - 6%, 6% - 7%, 7% - 8%, 8% - 9%, 9% - 10%, 10% -
11%, 11% - 12%, 12% - 13%, 13% - 14%, or 14% - 15%. By this, porosity of printed objects may be reduced. Moreover,
distinct interfaces between adjacent layers of a printed object may be greatly reduced.
[0057] The invention is defined by the appended independent claims, with embodiments being set forth in the appended
dependent claims, in the following description and in the drawings.
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Brief Description of the Drawings

[0058] The invention will in the following be described in more detail with reference to the enclosed drawings, wherein:

Fig. 1 shows a perspective view of the printing arrangement according to one embodiment of the invention;
Figs. 2a-2c show various views of the printing arrangement according to one embodiment of the invention;
Fig. 3 shows an illustration of the printing chamber of the printing arrangement according to one embodiment of the
invention;
Fig. 4 shows an illustration of the steps of the method according to one embodiment of the invention;
Fig. 5 illustrates a graph representing absolute tensile strength measurements of objects printed by the present
invention and of objects printed by a conventional solution.

Description of Embodiments

[0059] The present invention will be described more fully hereinafter with reference to the accompanying drawings,
in which preferred embodiments of the invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the scope of the invention to those
skilled in the art. In the drawings, like numbers refer to like elements.
[0060] Fig. 1 shows a schematic view of the printing arrangement 1 according to one embodiment of the invention.
The printing arrangement 1 comprises a printing chamber 10 adapted to provide, during use, a hermetically sealed
environment. The printing arrangement 1 further comprises a first temperature sensor 14a adapted to measure a tem-
perature of a filament source 11. The printing arrangement 1 further comprises a first heating means 15a for heating
the filament to a target filament temperature. The printing arrangement 1 further comprises a printing head 11 adapted
to deposit, during use, the heated filament into the printing chamber 10 in accordance with a 3D object model stored in
a memory module 16. The printing arrangement 1 further comprises a first humidity sensor 17 adapted to measure the
humidity in the printing chamber 10. The printing arrangement 1 further comprises first humidity adjustment means 30
adapted to enable adjustment of the humidity in the printing chamber 10 to a target printing chamber humidity.
[0061] The printing arrangement 1 may according to one embodiment further comprise a second temperature sensor
14b adapted to measure a temperature of the printing chamber 10 and second heating means 15b adapted to heat the
printing chamber to a target printing chamber temperature.
[0062] The printing arrangement 1 may further comprise a second humidity sensor 22 adapted to measure the humidity
in the filament chamber 20, and second humidity adjustment means adapted to adjust humidity in the filament chamber
20 to a target chamber humidity. The first and second humidity adjustment means may be the same as shown in Fig. 1
and may be a dehumidifier fluidly connected to the printing chamber 10 and the filament chamber 20 by means of
conduits 41, 42, 43, 44.
[0063] The dehumidifier 30 may comprise a dehumidifier unit 31 by which moisture in air entering the dehumidifier is
removed, thus reducing the humidity.
[0064] The dehumidifier 30 is fluidly connected to the printing chamber 10 via an inlet conduit 41 extending between
a dehumidifier outlet 321 and a printing chamber inlet 131, and via an outlet conduit 42 extending between a printing
chamber outlet 132 and a dehumidifier inlet 322. Thus, an air flow loop is formed between the dehumidifier 30 and the
printing chamber 10.
[0065] The dehumidifier 30 is fluidly connected to the filament chamber 10 via an inlet conduit 43 extending between
a dehumidifier outlet 311 and a filament chamber inlet 211, and via an outlet conduit 44 extending between a filament
chamber outlet 213 and a dehumidifier inlet 313. Thus, an air flow loop is formed between the dehumidifier 30 and the
filament chamber 10.
[0066] The printing chamber 1 may further comprise a pressure sensor 18 adapted to measure the pressure in the
printing chamber 10. The printing chamber 1 may further comprise pressure control means adapted to control the
pressure in the printing chamber 10 to a target printing chamber pressure.
[0067] Fig. 2 shows a perspective view of the printing arrangement 1 according to one embodiment. The printing
chamber 1 comprises a printing chamber 10, a filament chamber 20, and a dehumidifier 30. The dehumidifier 30 is fluidly
connected to both the printing chamber 10 and the filament chamber 20 by means of two separate air flow loops defined
by the conduits 41a, 41b, 42a, 42b and the conduits 43a, 43b, 44a, 44b respectively.
[0068] Figs. 3a-3c show the printing arrangement 1 from a plurality of side views. Fig. 3a shows a front side view of
the printing arrangement 1. Fig. 3b show a left side view (left side as seen in Fig. 3a). Fig. 3c show a top view.
[0069] Fig. 4 shows an illustration of the steps of the method S100 according to one embodiment of the invention. The
method S100 comprises the step of receiving S1, in memory module, a 3D model of an object to be printed. The method
S100 further comprises the step of providing S2 a printing chamber 10 that, during use, is hermetically sealed. The
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method S100 further comprises the step of measuring S3, by means of a first temperature sensor, a temperature of a
filament from a filament source. The method S100 further comprises a step of heating S4, by means of a first heating
means, the filament to a target filament temperature. The method S100 further comprises a step of depositing S5, by
means of a printing head, the filament heated to the target temperature into the printing chamber 10 in accordance with
said 3D model. The method S100 further comprises a step of measuring S6, by means of a first humidity sensor, the
humidity in the printing chamber 10. The method S100 further comprises a step of controlling S7, by means of a first
humidity adjustment means 30, the humidity in the printing chamber 10 to a target printing chamber humidity.
[0070] The method S100 may also comprise a step of measuring S8, by means of a second temperature sensor, a
temperature of the printing chamber 10. The method S100 may further comprise a step of heating S9, by means of
second heating means, the printing chamber 10 to a target printing chamber temperature.
[0071] The method S100 may also comprise a step of measuring S10, by means of a second humidity sensor, the
humidity in the filament chamber 20. The method S100 may also comprise a step of controlling S11, by means of a
second humidity adjustment means, the humidity in the filament chamber 20 to a target filament chamber humidity.
[0072] The first and second humidity adjustment means may be the same. The humidity adjustment means may be
a dehumidifier.
[0073] The method S100 may further comprise a step of measuring S12, by means of a pressure sensor, the pressure
in the printing chamber 10. The method S100 may further comprise a step of controlling S13 the pressure in the printing
chamber 10 to a target printing chamber pressure.
[0074] The target printing chamber humidity may be controlled to be within 0%-15%, preferably within 0%-10%, more
preferably within 0% - 5%.
[0075] Fig. 5 illustrates absolute tensile strength of objects printed by means of the present invention (Test 1) and
absolute tensile strength of objects printed by means of a conventional solution (Test 2). The absolute tensile strength
measurements for Test 1 and Test 2 for various elongations, specifically 1 mm, 2 mm, 3 mm, are reproduced in table 1
below. The increase in absolute tensile strength in Test 1 as compared to Test 2 is also shown in table 1 and was about
+32% to +35% depending on the elongation. This shows that objects printed by the present invention have improved
quality.

[0076] In Fig. 5, the mean standard deviations for Test 1 and Test 2 are indicated by dashed lines. The mean standard
deviation for test 1 is about 1%. The mean standard deviation for test 2 is about 4%. This further illustrates that there is
a significant reduced variance in absolute tensile strength for objects printed by the present invention.
[0077] In the drawings and specification, there have been disclosed preferred embodiments and examples of the
invention and, although specific terms are employed, they are used in a generic and descriptive sense only and not for
the purpose of limitation, the scope of the invention being set forth in the following claims.

Claims

1. A printing arrangement (1) for printing an object, the printing arrangement (1) comprising

- a printing chamber (10) adapted to provide, during use, a hermetically sealed environment;
- a first temperature sensor (14a) adapted to measure a temperature of a filament from a filament source (11);
- first heating means (15a) for heating the filament to a target filament temperature;
- a printing head adapted to deposit, during use, the heated filament into the printing chamber (10) in accordance
with a 3D object model stored in a memory module (16),

characterized in that the printing arrangement (1) further comprises

- a first humidity sensor (17) adapted to measure the humidity in the printing chamber (10), and

Table 1: Absolute tensile strength measurements for Test 1 and Test 2 for various elongations.

Elongation (mm) Test 1 - Absolute tensile strength 
(N)

Test 2 - Absolute tensile strength 
(N)

Increase (%)

1 1000 750 +33.3%

2 1550 1150 +34.7%

3 1760 1330 +32.3%
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- first humidity adjustment means (30) adapted to enable adjustment of the humidity in the printing chamber
(10) to a target printing chamber humidity.

2. The printing arrangement (1) according to claim 1, further comprising:

- a second temperature sensor (14b) adapted to measure a temperature of the printing chamber (10), and
- second heating means (15b) adapted to heat the printing chamber to a target printing chamber temperature.

3. The printing arrangement (1) according to any of claims 1-2, further comprising a filament chamber (20) for housing
the filament source.

4. The printing arrangement (1) according to claim 3, further comprising

- a second humidity sensor (22) adapted to measure the humidity in the filament chamber (20), and
- second humidity adjustment means adapted to adjust humidity in the filament chamber (20) to a target filament
chamber humidity.

5. The printing arrangement (1) according to claim 4, wherein the first (30) and second humidity adjustment means
are the same.

6. The printing arrangement (1) according to any preceding claims, wherein the first and/or second humidity adjustment
means is a dehumidifier (30).

7. The printing arrangement (1) according to any preceding claims, further comprising:

- a pressure sensor (18) adapted to measure the pressure in the printing chamber (10), and
- pressure control means adapted to control the pressure in the printing chamber (10) to a target printing chamber
pressure.

8. A method (S100) for printing an object, comprising the steps of:

- receiving (S1), in memory module, a 3D model of said object;
- providing (S2) a printing chamber (10) that, during use, is hermetically sealed;
- measuring (S3), by means of a first temperature sensor, a temperature of a filament from a filament source;
- heating (S4), by means of a first heating means, the filament to a target filament temperature;
- depositing (S5), by means of a printing head, the filament heated to the target temperature into the printing
chamber (10) in accordance with said 3D model,

characterized in that the method further comprises the steps of:

- measuring (S6), by means of a first humidity sensor, the humidity in the printing chamber (10), and
- controlling (S7), by means of a first humidity adjustment means (30), the humidity in the printing chamber (10)
to a target printing chamber humidity.

9. The method according to claim 8, further comprising the steps of

- measuring (S8), by means of a second temperature sensor, a temperature of the printing chamber (10), and
- heating (S9), by means of second heating means, the printing chamber (10) to a target printing chamber
temperature.

10. The method according to any of claims 8-9, further comprising the steps of

- measuring (S10), by means of a second humidity sensor, the humidity in the filament chamber (20), and
- controlling (S11), by means of a second humidity adjustment means, the humidity in the filament chamber
(20) to a target filament chamber humidity.

11. The method according to any of claims 8-10, wherein the first (30) and second humidity adjustment means are the
same.
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12. The method according to any of claims 8-11, wherein the first and/ or second humidity adjustment means is a
dehumidifier (30).

13. The method according to any of claims 8-12, further comprising the steps of

- measuring (S12), by means of a pressure sensor, the pressure in the printing chamber (10), and
- controlling (S13) the pressure in the printing chamber (10) to a target printing chamber pressure.

14. The method according to any of claims 8-13, further comprising the step of using a printing arrangement according
to any of claims 1-7 during printing.

15. The method according to any of claims 8-14, wherein the target printing chamber humidity is 0% - 15%.
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